This paper investigates the temporal causality and dynamics of real exchange rate, inflation, and output growth in Malawi, controlling for monetary growth and foreign exchange accumulation. The relationships among these variables are examined using quarterly data and the bounds testing approach to cointegration analysis. A long run relationship among the variables is observed, with the real exchange rate as the dependent variable, which is found responsive, in the long run, to the growth rate of output but not to inflation. Analysis of short-run dynamics reveals that the real exchange rate was influenced by output growth and inflation. The Granger causality analysis in a multivariate setting points to causation running from the real exchange rate to inflation and from each of these to output growth. The lagged error correction term, where included, emerged significant, providing evidence for the presence of long-run causality running interactively through it from the other variables as a group to the real exchange rate. Taken together, the results indicate the relevance of domestic economic activity, monetary policy, and foreign exchange availability for the evolution of the real exchange rate, which, in turn, is observed to have played a role in influencing domestic inflation and output growth in Malawi.
Introduction and Background
Exchange rate policy has been implemented independently, or as a part of structural adjustment and stabilization programs sponsored by the World Bank and the International Monetary Fund (IMF), in many developing countries in response to balance of payments problems believed to have been caused partly by overvalued exchange rates. Correcting overvalued exchange rates through devaluations and allowing the exchange rate to fluctuate in response to conditions in the foreign exchange market were increasingly utilized as countries adopted outward-looking policies and embark on a path toward export-led growth. Whether the policy change would succeed in boosting external competitiveness would rest on whether real depreciation was achieved. The latter would depend, among others, on inflation performance. source of output growth-whether it is sourced from demand or supply shocks. A reverse causation arises as high inflation and its associated volatility expectedly lowers output growth because of its adverse effect on investment and the capital stock, while low inflation with the expectation of higher inflation may increase capital accumulation and growth, as physical capital becomes more attractive than monetary assets (e.g. Andreas & Hernando, 1999; Freedman & Laxton, 2009 ).
As alluded to above, the three variables in question are potentially mutually caused by other variables, such as the money supply and foreign reserve adjustment. Standard theory predicts that the money supply affects price and output, the strength of the effect depending, among others, on the degree of capacity utilization or unemployment (Note 5 ). Money's simulative impact on aggregate demand and, through it, on inflation and output is transmitted, depending on the model considered, through the interest rate, exchange rate, credit availability, and the relative price of nonmonetary assets (Mishkin, 1995) .
The money supply affects the exchange rate to the extent that it generates a higher demand for traded goods that would potentially lead to nominal depreciation. The monetary approach to the balance of payments predicts this outcome if, for example, domestic money supply grows faster than its foreign counterpart. A similar causal effect stems from the induced decrease in the domestic interest rate, which, in the presence of capital mobility, would reduce net capital inflow, resulting in a lower demand for domestic currency (e.g. Frenkel & Mussa, 1985; Mishkin, 1995) . The effect of monetary growth on the exchange rate is also transmitted through its impact on inflation and output growth as outlined above (Note 6 ).
The strength of the linkage between exchange rates and inflation and how monetary growth affects them depend on the exchange-rate regime. Under non-floating exchange rate arrangements, balance-of-payments equilibrium requires in part (as in the -managed‖ case) or in whole (as in the -pegged‖ case) reserve adjustment, suggesting a nexus between the latter and the exchange rate as well as with domestic inflation, which, given a managed/fixed exchange rate, would lead to a loss of competitiveness and progressive erosion of foreign reserves. In the face of limited access to borrowing in international financial markets, this would require nominal depreciation, or would eventually necessitate devaluation (under a fixed regime), suggestive of a causation running from inflation to a reserve loss, and from the latter to a decrease in the value of the exchange rate (Note 7). The type of exchange rate arrangement is also relevant in characterizing the link between monetary growth and inflation, which, given the level of output, positively depends on the degree of exchange rate flexibility (Fielding & Bleaney, 2000) .
The discussion above highlights the expected causal relationships between and among inflation, real exchange rate and output growth, each and the relationship among them affected by mutual causal factors such as growth in the money supply and foreign reserves. Plainly, the strength and direction of their causality is an empirical question, as it would depend on a number of structural and institutional features including the degree of capacity utilization, reserve adjustment, the extent of sterilized intervention, and the exchange rate regime. Understanding the linkages and the terrain of causation among the said financial and real variables at the empirical level is important to appropriately design monetary and exchange rate policies and to enhance their effectiveness in fostering domestic price stability and external competitiveness.
Empirical Evidence
Although the literature is replete with empirical studies on the determination of each of the variables of interest in the context of structural or reduced-form models, the evidence on their temporal causality and dynamics in Africa, in general, and in Malawi, in particular, is rather thin and mixed. A review of the latter type of empirical studies in Malawi and the region is provided below, preceded by a sampling of evidence based on regressions with one or two of the other variables appearing as explanatory variables. A case in point is the empirical analysis of the equilibrium exchange rate based on a dynamic model of a small, open economy by Mathisen (2003) . The results reveal that real per capita output and monetary growth are among the determinants of the equilibrium real exchange rate in Malawi.
Estimating an eclectic model of inflation, which incorporates both demand and supply factors, Ndaferankhande and Ndhlovu (2006) reported that the dynamics of inflation in Malawi was significantly influenced by the exchange rate, money supply, and real income growth, among others. According to their results, two factors have heightened the influence of the exchange rate on prices: the liberalization of the trade sector and the adoption of managed float exchange rate regime. Similarly, in their study of economic growth in Malawi, Tchereni and Sekhampu (2013) found the exchange rate to be one of its statistically significant determinants. More generally, Musila (2002) estimated an econometric model inclusive of various economic sectors for the study country. Dynamic simulation results based on parameter estimates of the long-run version of the model suggest that a sustained devaluation would lead to an increase in inflation and a decrease in real GDP growth.
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More direct evidence, albeit partial, comes from the study by Ngalawa and Viegi (2011) who apply the method of innovation accounting in a structural VAR model for the analysis of the dynamic effects of a monetary policy shock in the country (Note 8) . They report that consumer prices respond weakly to changes in M2; and, up to three years, exchange-rate changes account for most of the variation in the CPI excluding own shock. On the other hand, output fluctuations are attributed, among others, to monetary impulses and exchange rates, with varied timing of effects. More recently, Jombo et al. (2014) , in their analysis of the exchange-rate pass-through using the augmented Phillips curve and VAR approaches using quarterly data find that exchange rate movements exerted a modest influence on domestic prices in Malawi. They characterized the exchange rate as a potentially important source of inflation in the country.
A Granger causality analysis by Canetti and Greene (1991) of quarterly data from 10 African countries detected causation from exchange rate to inflation in two countries both in bivariate and trivariate settings, the latter including money as an additional variable. The results indicate that neither the exchange rate nor monetary growth was found to play a dominant role in explaining innovations in the CPI in most of the sampled countries. On the other hand, Rouis et al. (1994) , conducting a Granger causality test in a bivariate setting on pooled data from a sample of 22 African countries, reported inflation to have caused devaluation, but not in reverse.
Adopting a VAR and other structural variants, Odusola and Akinlo (2001) examined the link between the naira depreciation, inflation and output in Nigeria. They found exchange rate depreciation to have positively affected output in the medium and long run, but negatively in the short run. Output and the parallel exchange rate are reported to have influenced the dynamics of inflation in that country. In another study on Nigeria, Akinbobola (2012) investigates the dynamics of money supply, exchange rate and inflation using the vector error correction mechanism. The money supply and exchange rates are reported to have reduced inflationary pressure, unlike output growth, which exerted the opposite effect. The same set of variables is examined in the context of Democratic Republic of Congo by Maswana (2005) using monthly data and the Hsiao version of Granger non-causality method. The author reports the presence of feedback causality between inflation and monetary growth, unidirectional causation from monetary growth to the exchange rate, and from the latter to inflation.
It is clear from the preceding review that the evidence on the causal relationships among the three variables of interest is partial, thin and mixed, the latter partly explained by differences in sample composition, estimation method, and whether the analysis is conducted in a bivariate or multivariate setting. The latter is particularly consequential, since causality found between two variables in a bivariate setting can be spurious if both are mutually caused by another variable excluded from the regression (Hsiao, 1982) . Controlling for the third variable would enable isolating the feedback effect between any given two other variables and would, thereby, minimize the chance of detecting spurious causality. To this end, and unlike most studies on the subject, the present study seeks to examine the relationships among the real exchange rate, inflation and output growth by controlling for monetary growth and reserve adjustment, both in the short-run and long-run contexts.
Data Overview
The relationships among the variables of interest are examined in the context of Malawi using quarterly data spanning the period, 1980q1-2011q4. The price level is represented by the consumer price index (CPI) and the money supply by M2 (money plus quasi money). Output (y) is alternatively represented by the industrial production index for which quarterly series is generally available and by real GDP for which quarterly series is interpolated using the quadratic sum method. The real exchange rate series is the real effective real exchange rate index, constructed such that a rise in its value connotes real appreciation. The real, rather than the nominal, exchange rate is used in the empirical analysis partly because the former, unlike its nominal counterpart, is an endogenous variable, subject to flexibility regardless of the exchange-rate regime. Since what matters for external competitiveness, as an outcome of an exchange rate policy action, is the value of the real exchange rate, understanding its behavior and relation with other variables would be useful in evaluating policy effectiveness. Vol. 8, No. 10; 2016 GDP is from World Bank's World Development Indicators (Note 9) . The other data for this study are from IFS.
Over the study period, the money supply, CPI, and real GDP trended upward, with slight fluctuations in contrast to the real exchange rate, level of foreign exchange and industrial output, which were subject to wider and frequent swings. The annualized rate of inflation over the same period was 20%, eight percentage points lower than that of monetary growth. The corresponding figure for foreign exchange was 24%. Industrial output and real GDP rose, respectively, at an average rate of 2.7 and 3.5% per annum, while the real effective exchange rate depreciated by less than one percent (Table 1) . Note. SD=standard deviation. The real effective exchange rate is defined such that an increase in its value connotes real appreciation.
As mentioned, different types of exchange rate arrangements were in place during the study period: Fixed exchange rate until 1993, followed by a free-floating regime until 2008 and then a de facto fixed exchange rate -with administrative controls over current account transactions‖ since then (Chuka, 2012) . A comparison of the behavior of these variables between the free float and other arrangements (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) versus the remaining period) reveals, as to be expected, some notable differences. Thus, the free-float period was on balance associated with weaker inflation performance ( 26 vs 15%), higher monetary expansion (33 vs 23%), and much smaller growth in industrial activity (0.3 vs 5%), while the growth rate of real GDP was the same in the two sub-periods. Flexibility in the nominal exchange rate resulted in real depreciation at an annual rate of 1.5%, which compares with a negligible appreciation when the exchange rate was not floating. All but foreign exchange and industrial output were subject to a greater degree of volatility under the floating regime.
A look at Figure 1 shows a co-movement in the same direction of inflation and monetary growth until 1999 or so after which the relationship between the two variables was less clear. On the other hand, the inflation rate and the rate of appreciation of the real exchange rate appear to exhibit a tendency to move in opposite directions, while a positive association seems to characterize the growth profiles of foreign exchange and industrial output series (Figure 2 ). 
Method
The estimation method employed to investigate the causality and dynamics of the variables under consideration is the bounds testing approach to cointegration developed by Pesaran and Shin (1999) and Pesaran et al. (2001) . Conducted within an autoregressive distributive lag (ARDL) framework, this methodology, unlike conventional methods of cointegration analysis (Johansen & Juselius, 1990; Johansen, 1995) , can be employed with a mix of I(0), I(1) or fractionally integrated series. The procedure allows estimation in a single-equation setup by ordinary least squares (OLS) with flexible lag structure for the regressors, and it is relatively more efficient in small samples, giving it an advantage over other conventional methods.
The ARDL model is set up as an unrestricted error-correction model (ECM) where the lagged error correction term in a standard ECM is replaced by a linear combination of lagged levels of variables. The model takes the following form for the variables that are under study (see e.g. Narayan & Smyth, 2004) .
Where z=[P,e,M,y,FX], n is the lag length, Δ is the difference operator, and is the error term, assumed serially uncorrelated, and -λ‖s are long-run multipliers, representing long-run (cointegration) relationships.
The bounds testing procedure involves estimating equation (1) for each variable by OLS and conducting an F-test for the joint significance of the -λ‖s. (Note 10) The distribution of the F-test used to test this hypothesis is non-standard and depends on the number of regressors and whether the variables are I(0) or I(1) and whether an intercept and/or a trend term are included in the model. For these different situations, Pesaran et al. (2001) provide two sets of critical values with lower and upper bounds, the former based on the assumption that all the variables are I(0), and the latter that they are I(1). A computed F-statistic exceeding the upper bound is interpreted to suggest the existence of cointegration and long-run relationship, as a value below the lower bound leads one to conclude that the variables are not cointegrated. Neither can be said if it falls between the two bounds, rendering the test inconclusive.
Results and Discussion

Unit Root Test
The time-series properties of the variables of the model are examined using the Augmented Dickey-Fuller (ADF) and Phillip-Perron (PP) procedures to ascertain that the order of integration does not exceed one, a requirement for the application of the bounds test procedure. The results are reported in Vol. 8, No. 10; 2016 show that the logarithms of P, M, IP, and RGDP become stationary only after first differencing (integrated of order one), while log(e) is stationary at levels (integrated of order zero). Note. Lag length is chosen using AIC with maximum lag=8. In the level series a constant and trend are included while only a constant is included for first-difference series. Bandwidth (Newey-West automatic) using Bartlett kernel. The series logP, logM, and logIP are seasonally adjusted. FD=First difference.
Cointegration Test
Having established that the order of integration for all series does not exceed one, the bounds testing procedure was applied to test for the existence of long-run relationship by estimating equation (1) for each variable. The lag order in each of the estimations is determined by AIC. However, when serial correlation is detected at a lag thus selected, the lag length is adjusted until the hypothesis of no serial correlation is accepted, for this is a key assumption in the application of the bounds testing procedure (Pesaran et al., 2001) . Once the maximum lag is selected, the general-to-specific modelling strategy is followed and highly insignificant added lags are dropped to achieve parsimony. The results of the cointegration analysis are recorded in Table 3 where four sets of the computed F-statistics for the joint significance of the lagged levels appear. The F-stat normalized on dependent variable, z, is denoted by F z (z|…), the dots representing the explanatory variables (k), excluding the lags of z. The first set of estimates is based on the entire sample, according to which the variables in question are cointegrated at the 1% and 5% levels when the regression is normalized on the real exchange rate and price, respectively, as the computed F-statistics exceed their corresponding upper bound critical ijef.ccsenet.org
International Journal of Economics and Finance Vol. 8, No. 10; 2016 values for k=4.We fail to reject the null hypothesis of no long-run relationship in the other equations at the conventional level of significance. Controlling for outlier observations strengthens the case for the existence of a long-run relationship, with the real exchange rate as the dependent variable (Note 11). The opposite is true when the regression is normalized on P, providing no evidence of cointegration at the 5% level.
In view of the possibility of changes in the estimated coefficients of a time series regression and its implication for long-run relationship, it would be necessary to check for the stability of the long-run multipliers (Hansen, 1992) . More so because the study period covers three decades during which different types of policy and structural changes have occurred in the country. We use the procedure developed by Perron (1998, 2003) to endogenously determine whether there was a structural break in the long-run relationship and when the break may have occurred by allowing the lagged level coefficients to vary across regimes, while the short-run parameters are constrained to remain unchanged, given our interest in the long-run relationship. Applying the double maximum break selection method (weighted and unweighted double maximum) for the test of the null hypothesis of no structural break (against the alternative, unknown M globally determined breaks) shows no structural break in the exchange rate equation at the 5% level of significance (Note 12) . However, given the two broad types of exchange rate arrangements implemented during the study period, the intercept term and lagged level coefficients were allowed to shift by including the exchange-rate regime dummy variables additively (in the case of the intercept) and multiplicatively (with respect to the slope coefficients) to test whether the observed long-run relationship among the variables was robust to changes in the exchange rate regime. The F-statistic, F e (e|P, y, FX, M), is computed to be 4.81 under the fixed exchange rate sub-period, while the corresponding figure for the floating rate sub-sample is 9.6, significant at the five and one percent levels, respectively. The null of no long-run relationship is rejected in both cases, although at a much higher level of significance under the floating than under the fixed exchange rate regime.
Long-Run Effects
Given that a long-run relationship is observed in the regression normalized on the real exchange rate, an error-correction model of this variable is estimated. Consider first the long-run effects. Using the estimates of -λ‖s in equation (1), where z is the real exchange rate, the long-run coefficients are extracted as the negative of the ratio of the respective -λ‖s and λ 1e ; i.e., -(λ ie /λ 1e ), yielding the estimates appearing in Table 4 .
The long-run coefficient on the price level is negative but statistically insignificant, suggesting that the price level has no discernable long-run effect on the real exchange rate. This probably reflects the adjustment of the nominal exchange rate over the years, which may have countervailed the incipient effect of inflation on the real exchange rate. Likewise, the money supply emerged with a negative coefficient, significant at the 10% level (and at 5% when y is represented by real GDP), indicating that monetary expansion modestly contributed to real depreciation. Although the coefficient is only moderately significant, its sign is consistent with theory. Its estimate suggests that, all equal, a 1% increase in the money supply will result in as much as 0.3% depreciation in the real exchange rate. On the other hand, the parameters on the other two variables are signed positive and statistically significant, suggesting that foreign exchange depletion would result in real depreciation as would a decline in economic activity. A ceteris paribus one percent growth in the stock of foreign exchange would cause the real exchange rate to appreciate by 0.1%. The corresponding response from an equivalent growth in real GDP is roughly1%. It may be noted that representing -y‖ by real GDP magnified the effects of all but the price level which became even more imperceptible.
A comparison of the long-run multipliers under the two exchange rate regimes reveals no significant difference with respect to the price level and the money supply. The long-run effect of the former is statistically zero in both cases, reversal of its sign notwithstanding. The effect of the money supply appears to be larger numerically under floating but much smaller statistically. The long-run multipliers of output and foreign exchange, on the other hand, are appreciably different between the two regimes. Output influences the real exchange rate positively and significantly during the pegged arrangement, while no clear effect is observed under the other regime. The effect of foreign exchange is stronger both numerically and statistically under floating. The results suggest that the real exchange rate appreciates by 0.18% in response to a one percent increase in the stock of foreign exchange when the exchange rate is floating, which is much higher and significant than the 0.04% estimated for the other sub-period.
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Short-Run Dynamics
The short-run dynamics of the model, based on the estimation of equation (2), with z replaced by the real effective exchange rate, are presented as follows. 
Adj. R 2 =0.64 F-stat=17.6*** S.E.R.=0.05 Serial Corr.:Chisq(4)=4.8, Prob.=0.31
Clearly, the real exchange rate is strongly influenced by its inertia, a one percent increase in its lagged value leading to a 0.3% rise in its current value. In the short run, price affects the real exchange rate positively with a lag. Significant at the 10% level, the coefficient estimate indicates that the rate of real appreciation will rise by roughly 2% consequent upon a 10% hike in the inflation rate, holding on other determinants. Monetary growth exerts a positive effect on the real exchange rate in the short run. The effect of foreign exchange accumulation is estimated to be negative, albeit statistically insignificant. Allowing the short-run effect of foreign exchange accumulation on the real exchange rate to shift across the two exchange rate regimes renders the effect significant under the pegged regime, at the 5% level. The negative sign could arise, for example, if increased foreign exchange availability allowed greater volume of imports that dampened the inflationary pressure, in turn, triggering a fall in the real exchange rate.
Real GDP growth seems to occasion real appreciation at first lag, with the opposite effect observed later, although at a lower level of significance. The positive coefficient on real GDP, on the other hand, could arise in the presence of concomitant demand-pull inflation or an induced increase in money demand (as the monetary approach predicts). The delayed negative effect may reflect policy responses in the form of devaluation to downturns in economic activity.
The short-run adjustment coefficient is correctly signed and highly significant, congruent with the results of the bounds test for cointegration. The parameter estimate suggests that no less than a quarter of the deviation of actual real exchange from its long-run equilibrium level is corrected in the next quarter, implying that the process of adjustment to long-run equilibrium would be completed within a year. Comparing the speed of adjustment between the two exchange rate regimes-fixed/pegged and floating regimes-shows that the adjustment coefficient is significantly negative in both cases, slightly smaller in absolute value and more significant under the floating exchange rate regime (Note 14) . Nevertheless, a Wald test that the two parameter estimates are equal yields an F-stat of 0.699 (Prob.=0.41), failing to reject the null that the speed of adjustment is the same during the two exchange-rate regimes.
Granger Causality Analysis
As reported, the variables under study are cointegrated, when normalized on the real exchange rate. This suggests the presence of Granger causality between or among them at least in one direction, although the direction of ijef.ccsenet.org
International Journal of Economics and Finance Vol. 8, No. 10; 2016 causality cannot be inferred therefrom. A Granger causality analysis of the variables in question in a bivariate setting detects the terrain of causation sketched in Figure 3 (Note 15) . The results suggest that there exists, at the conventional level of significance, a unidirectional causation from the real exchange rate to foreign exchange and price, from the latter to industrial production, money supply and foreign exchange, from money supply to the real exchange rate, and from real GDP to foreign exchange. A bi-directional causality characterizes the relationship between real GDP and the real exchange rate at the one percent level of significance. At the 10% level, the real exchange rate and money supply are each observed to Granger cause industrial output.
Figure 3. Bivariate granger causality
Note. Single, double, and triple arrows denote significance at the 10, 5, and 1 percent level, respectively.
As mentioned, a causality analysis in a bivariate setting could yield misleading results if the two variables are commonly caused by another factor that is excluded from the analysis. Moreover, the forgoing analysis considered short-run causality only, ignoring the implications of their long-run relationship. Therefore, the pattern of causality among the variables is examined in a multivariate setting within the error-correction mechanism, incorporating a lagged error-correction term where applicable (Note 16) . The results are summarized in Table 5 and depicted in Figure 4 .
The F-statistics on each explanatory variable in Table 5 tests the joint significance of the lagged terms of the respective variable to establish whether short-run causality runs from it to the corresponding response variables appearing in the first column. The results indicate that there exists a short-run Granger causality at the five percent or better from the real exchange rate to price and output. The latter two are also causally related, causation running from price to output. Foreign exchange is Granger caused both by price and money supply, while feedback causality appears to be the case between the latter and output.
It is worth noting that the unidirectional causality detected in the bivariate setting from the real exchange rate to foreign exchange accumulation, and from price to the money supply disappeared when the other variables are controlled for, weakening the case for the said causality, although neutrality cannot be concluded given the bivariate test results. The findings from the two settings also differ in terms of the strength of the causal relationships observed. A case in point is the causal effects of price, the real exchange rate and money supply on industrial output, which are now significant at a higher level. However, the pattern of causality among the three variables of interest is the same in both settings, albeit differences in significance levels. It is worth noting that no reverse causation was established from inflation to real appreciation, suggesting that the nominal exchange rate adjusted to the inflation differential as predicted by the PPP hypothesis, which, according to Mangani (2012) , appears to hold for the bilateral rates of the Malawi Kwacha.
The coefficient on the lagged error-correction term is significantly negative, as previously noted. Vol. 8, No. 10; 2016 evidence for the presence of long-run causality running interactively through ect t-1 from price, money, output and foreign exchange to the real exchange rate, although, in a multivariate setting, none of them is found to individually Granger cause it in the short run (Note 17) . Although the findings are not strictly comparable owing, among others, to differences in estimation procedures and model specifications, our results on the role of the exchange rate in price adjustment are consistent with those reported by Ngalawa and Viegi (2011 ), Jombo, et al (2014 ), and Canetti and Greene (1991 . The responses of output to the exchange rate and money supply reported by Ngalawa and Viegi (2013) for Malawi are implied by our Granger causality test results. 
Note.
i. With real GDP (in lieu of industrial production), the F-stat and associated probability are 2.16 and 0.079. ii. The number in parentheses is the t-statistic, significant at the 1% level. iii. The serial correlation test is the Breusch-Godfrey LM Chi-square stat with associated probabilities under the null that serial correlation is present at the specified lag order. The normality test column records the Jarque-Bera stat for the null of normal distribution. 
Summary and Conclusions
The purpose of this paper has been to explore the temporal causality and dynamics of real exchange rates, inflation, and output growth in Malawi. Controlling for monetary growth and foreign reserves accumulation, the relationships among the said variables were examined using quarterly data spanning three decades. Whether a long-run relationship existed among the variables of interest was tested using the bounds testing approach. The test results suggest that a long-run relationship among the variables exists over the study period when the regression is normalized on the real exchange rate. In the long run, the real exchange rate was found to respond significantly to the growth rates of output, the money supply, and foreign reserves, but not to inflation, although the nature and significance of some of these effects were sensitive to the exchange rate regime in place.
Analysis of the short-run dynamics reveals that the real exchange rate was influenced by output growth and inflation as well as by the other financial variables at varying levels of significance and lag structure. The short-run adjustment coefficient is correctly signed and highly significant. Its estimate suggests that the process of adjustment to long-run equilibrium would be completed within a year. And no statistically significant difference is observed in the speed of adjustment between pegged and floating exchange rate regimes.
Granger causality analysis in a multivariate setting points to causation running from the real exchange rate to inflation and from both to output growth. The latter was found most responsive, driven by all model variables. The lagged error correction term, where included, emerged significant, providing evidence for the presence of long-run causality running interactively through it from the other variables as a group to the real exchange rate. On the other hand, the money supply, as represented by M2, was not found to cause inflation, except perhaps through the real exchange rate, which is at odds with the monetarist view and indicative of the limitation of monetary policy in managing inflation, and probably reflecting the importance of factors such as food supply constraints as a determinant of inflation in the country. Although the results are not confirmed in the multivariate setting, the detection of a one-way causation from inflation to monetary growth points to the possibility that monetary policy was accommodative, validating inflation precipitated by such factors. On the other hand, the two-way causality observed between monetary and output growth is consistent with monetary policy feedback rule, indicative of also the potential real effect monetary policy can exert.
The finding that both inflation and output growth are Granger caused by the real exchange rate underscores the importance of developments in the foreign sector, such as exchange rate policy changes, foreign price shocks, and external competitiveness, for domestic price and output adjustment. This seems to point to the consequentiality of the volatility of the real exchange rate for domestic economic activity. Taken together, the results indicate the relevance of domestic economic activity, monetary policy, and foreign exchange availability for the evolution of the real exchange rate, which, in turn, is observed to have played a role in influencing domestic inflation and output growth in Malawi.
